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(57) Abstr act: Trie invention relates to a method of producing a preform 
for a holey optical fibre, and more particularly, to a method of producing 
polymer holey optical fibre using novel capillary and cane designs that al- 
low a construction of complex holey structures The capillaries may have 
a compjex internal sttucture including multiple holes, holes of non-circu- 
lar shape, off-centre holes, holes of different sizes, or any combination of 
these The canes may have a complex external shape to define interstitial 
holes when the canes are combined in a stack (see figure 1), The capillar- 
ies and canes may be made of different materials and combined within the 
same structure . 
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CONSTRUCTING PREFORMS FROM CAPILLARIES AND CANES 

FIELD OF THE INVENTION 

This invention r elates to a method of producing a preform for a holey optical 
fibre, and more particularly, to a method of producing capillary and cane designs that 
can be combined into a stack and fused to allow the construction of complex structures 
that will be of use for wave-guiding applications., 

The invention also relates to novel capillary and cane designs for wave guiding 
applications, and in particular to capillary and cane designs that can be combined and 
joined so as to allow the construction of complex structures for use in wave guiding 
applications, and in particular for the production of photonic crystal optical fibres. 

BACKGROUND TO THE INVENTION 

Any discussion of the prior ait throughout the specification should in no way be 
considered as an admission that such prior ait is widely known or forms part of common 
general knowledge in the field,, 

Ther e is considerable interest in making complex holey structures that can 
subsequently be dr awn into a rrricrosttuctured fibre.. This is curr ently done by stacking 
and fusing capillaries or canes, 

Photonic crystal fibres ar e commonly made in glass, The fabrication technique 
used is capillary stacking with thermal fusing,, The general technique used has been to 
use glass canes or capillaries having a single centr al hole. Canes are solid rods, without 
any internal holes, whilst capillaries are elongated structures that have one or' more holes 
running through them,, The capillaries used to date have usually been of cir cular' cross- 
section, and had a single centr al hole., There have been a number of examples in which 
holes of differ ent sizes were combined in one structur e, but this has generally pr oved 
difficult because the self-packing properties of same-sized rods and canes breaks down 
when different diameter s are used, In this case there is a need to "pack" the structure to 
support it, and pr event it collapsing. Maintaining the hole structure in glass holey fibr es 
is very difficult, and requires a high degree of control over both the preform fabrication 
and dr awing processes. It is likely that for this reason very few structures that deviate 
from the same-sized canes or single holed capillary stack have been r eported, In 
addition, any deviation from the single .central holed capillary requir es control of the 
r otational orientation of the capillary , 
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Whilst attempts have been made to use glass canes and capillaries of hexagonal 
cross -section with multiple holes, difficulties with fusing and distortion have been 
encountered resulting in poor quality fibre 

It is an object of the present invention to overcome or ameliorate at least one of 
5 the disadvantages of the prior art, or to provide a useM alternative.. 

SUMMARY OF THE INVENTION 

To this end, one aspect of the pr esent invention pr ovides a method of producing a 
preform for a holey optical fibre comprising providing a series of pr eform elements 
adapted to be connected together to construct said preform with a series of holes therein, 

10 each hole being formed in an element or' formed by combining two or more elements . 

Unless the context clearly r equires otherwise, thr oughout the description and the 
claims, the words 'comprise', 'comprising 3 , and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 
sense of "including, but not limited to", 

15 A further aspect of the present invention provides a preform for a holey optical 

fibre, said preform comprising providing a series of preform elements to be connected 
together to construct said preform with a series of holes therein, each air hole being 
formed in an element or formed by combining two or mor e elements. 

A further aspect of the present invention provides a method of producing a 

20 pr eform for a polymer holey optical fibre comprising providing a series of preform 
elements adapted to be connected together to construct said preform with a series of 
holes ther ein, each hole being formed in an element or formed by combining two or 
mor e elements ., 

A further aspect of the pr esent invention provides a preform for a polymer holey 
25 optical fibre, said pr eform comprising providing a series of preform elements to be 

connected together 1 to construct said pr eform with a series of holes therein, each air hole 
being formed in an element or formed by combining two or more elements 

Preferably, the rotational orientation of the capillaries and canes within the stack 
can be contr olled by means of stackable cr oss-sections, such as hexagonal, triangular or 
30 rectangular cr oss-sections, and/or by means of a slotted structur e, 

lh the context of this specification it should be noted that the terms "capillaries" 
and "canes" ar e not to be associated with a particular- size., For example, in the context 
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of 'this specification, capillaries and canes may have dimensions up to the order of 
centimetres in diameter: The capillaries may have an internal structure of one or more 
holes, which may or may not be cir cular , and which may or may not be of the same 
dimensions, The canes may have a complex external cross-section to define the shape of 
5 the interstitial holes. 

The canes or capillaries maybe made of a variety of materials and combined 
within the same structure,, 

The canes and capillaries may fit together either concentrically, or within stacked 
structure, or a combination of the two They may then be fused together either prior to 
10 drawing the fibre* or as the preform is drawn to fibre , 

Standard sized capillaries and canes containing different hole structures, canes, 
and possibly canes and capillaries made of different materials could be used as "Lego IM 
pieces" to r apidly construct a very lar ge range of structur es This approach lends itself to 
automation of the assembly process ,. 
15 Using the range of capillary and cane designs described here it is possible obtain 

any desir ed cr oss-section for a preform for an optical fibre The cr oss - section may 
include a complex pattern of holes, which may be periodic, and may additionally include 
controlled variations in the material properties . 

It is to be noted that the various aspects of the present invention may be used to 
20 produce a variety of photonic structur es, including those for non- optical wavelengths. 

Advantageously, consider able complexity can be introduced into a preform 
structur e and r esulting optical fibre by varying the external shape of the capillaries and 
canes to affect the stacking properties, changing the internal pattern of the holes within 
the capillaries, for example by using off-centre holes, holes of different sizes, multiple 
25 holes, and holes of non- cir cular shape, or' any combination of these. Complex holey 
structures can be obtained either' by combining capillaries, or canes, or a mixture of the 
two . The resulting hole structure will combine the holes in the capillaries with 
interstitial holes. Canes can be designed to have an external shape such that when they 
are fitted together the interstitial holes have a particular' geometry, for example, the 
30 interstitial holes may be cir cular ., The advantage of this appr oach is that it is usually 
easier 1 to produce solid structures rather than voided structures .. 

Additionally, the methodology of the present invention enables the use of 
relatively large cane and capillary elements . This in turn aids in the handling and 
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positioning of the elements when constructing a preform of the desired structure, 
Furthermore, by using r elatively large cane and capillary elements (for example one 
centimetr e or greater in diameter) some degr ee of deformation of the individual elements 
can be accommodated without deforming the main structure of the pr eform., 

BRIEF DESCRIPTION OF THF, DR AWINGS 

Preferred embodiments of the invention will now be described, by way of 
example only, with reference to the accompanying drawings in which; 

Fig, 1 illustrates a circular interstitial hole structure formed by a group of 
adjacent canes; 

Figs,, 2a to 2d illustrate examples of the types of holes which maybe included in 
capillaries as a r esult of the present invention; and 

Fig 3 illustrates a concentric capillary formation which can be formed by the 
pr esent invention,. 

DETAILED DESCRIPTION OF THE INVENTION 

Whilst the following description of the various aspects of the invention ar e 
directed to pr eforms formed from polymer materials, it is to be noted that where 
applicable the various aspects of the invention can also be employed in the manuf acture 
of pr eforms from other' materials or combination of materials, including glass., 

One aspect of the present invention is directed to capillary and cane designs that 
will allow the fabrication of complex structures for use in wave guide applications., In 
particular , the canes and capillaries can be used to produce pr eforms for photonic crystal 
fibres, 

A fundamental pr oblem to be addr essed in the use of complex capillaries is the 
control of rotational orientation, The problem is addressed by using two approaches: 
stackable cr oss - sections and slotted structures that hold the canes or capillaries in a 
particular defined position It is to be noted that these two features (stackable cross- 
sections and slotted structures) may not be r equir ed for the whole length of the pr eform, 
The stacking and slotting may be restricted to a part of the preform that is not drawn but 
serves to hold the canes and capillaries in place, The structure may also be held in place 
by external means, which allows for a structur e wher e all or some of the canes or 
capillaries do not touch the other' elements.. Control of the positional orientation can also 
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be achieved by means of slotted structures that hold the canes or capillaries in a defined 
position, 

In one embodiment, the desired holes running through the preform are formed in 
separate elements, for example, in a capillary tube,. In another embodiment, the holes 
5 are foimed by the combination of one or more adjacent elements An example of a 
circular hole structure foimed using canes is depicted in Fig. i . 

The elements themselves can be in the form of longitudinally extending elements 
such as the capillaries and canes mentioned above, ha an alternative embodiment, 
laterally extending plates or discs, with or without hole structure, can be stacked so as to 
10 form the preform 

Each element forming the preform can be produced from an identical material or 
from a different material. The elements themselves can be of a standard size and shape 
and connected together in a conventional fashion, such as by means of tongue and 
gr oove, or pin and slot, so as to form the desired preform and array of holes 
15 therethrough,. Such a configuration allows for the fixing of the rotational and positional 
orientation of the capillary or cane element . Advantageously, such a construction lends 
itself to automated production of each element and the preform itself; 

Alternatively, for specific or complex applications individually designed 
elements can be pr epared which, when combined, form the desired preform structure. 
20 The preform elements can be pr epared by conventional techniques. For example, 

with polymer material these include, but are not limited to, casting, extrusion, injection 
moulding, or similar., 

A variety of chemical or physical fusing techniques may be used to form the 
pr eform from the individual elements. 
25 For polymers, one such technique is chemical fusing wherein a monomeric 

material or polymeric/monomeric mixture is used to surround the air holes formed by 
the various elements., Prefer ably, the air holes ar e sealed to avoid ingress of the 
monomelic or polymeric/monomeric mixture,, This technique applies to air 1 holes 
formed in a single element or 1 air holes formed by co-joined elements., 
30 hi another process, solvent is applied to soften the exterior surface of each 

element, the elements being fused by pressing them together . The solvent can be applied 
in fluid, gaseous or 1 vapour form. 
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Another alternative is thermal fusing where heat is applied to the various 
elements . This can be combined with pressing the elements together,. Alternatively, 
such pressure can anise from the theimal relaxation of stress that is present in the 
elements, which can lead to a contr olled amount of expansion of the individual elements 
5 If expansion of the overall structure is restricted, this will r esult in the pr essing of the 
elements togethei . Physical fusing can also be applied by, for example, application of 
kradiation to the elements., 

It should also be recognised that each of these techniques can be assisted by 
providing, for example, a sleeve of polymeric material in to which the elements ar e 
10 placed. As will be appreciated by persons skilled in the ait, upon polymerisation, such a 
polymeric material may shrink This may in itself serve to pr ovide or assist binding of 
the various elements of the preform. 

The rotational orientation of the capillaries and canes within the stack can be 
controlled by means of "stackable" cross-sections (such as hexagonal, triangular or 
15 rectangular), or by means of a slotted structure* 

The capillaries may have an internal structur e of one or more holes, which may 
not be circular, or of the same dimensions., The canes may have a complex external 
cross-section to define the shape of the interstitial holes , 

The canes or capillaries may be made of a variety of materials and combined 
20 within the same structure. Useful material variations in polymers include different 
transparent polymers, grafted polymers, polymers with inclusions, doped polymers, 
porous polymers, and liquid ciystal polymers. Similarly, it is possible to use glass 
materials including, for example, glasses with different dopants, and glasses with 
decreased viscosity at lower temperatures. 
25 The canes and capillaries may be fitted together 1 either concentrically, or within 

stacked structure, or a combination of the two and subsequently fused together, It 
should be noted that the possibility of casting material around the capillaries or* canes 
means that in principle the structures do not have to be stackable. 

Standar d sized capillaries and canes containing differ ent hole structures, canes, 
30 and possibly canes and capillaries made of different materials could be used to rapidly 
construct a lar ge range of structur es , This appr oach lends itself to automation of the 
assembly process. 
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Using the range of capillaiy and cane designs described here it is possible to 
obtain almost any desired cross-section for a preform for an optical fibre The cross- 
section may include a complex pattern of holes, which may be periodic, and may 
additionally include controlled variations in the material properties , 

Polymers offer certain advantages over glass.. They are more easily pr ocessed, so 
that a number of techniques can be used to make the canes or' capillaries,. Polymer s can 
be readily cast or extruded, in addition to being drilled and machined., For example, the 
capillaries or canes could be "sleeved'*, It should be noted that the external surface area 
to volume r atio of the capillaries is important in the fusing process., For fusing to occur 1 
without distortion of the hole structure, the layer that is softened or modified in the 
fusing pr ocess must not compr omise the material that defines the hole structur e 
Preferably, the fusing method only affects the capillaries or canes to be fused in a 
superficial level, without affecting the internal structure The capillaries or canes formed 
in these ways can then be drawn down, if necessary, to the desired dimensions. Once 
the capillaries or canes ar e formed, there are a large variety of ways in which they can be 
fused, unlike the single method (thermal fusing) used for glass.. The possibility of 
chemical fusing, including casting around the canes or capillaries greatly enhances the 
number options available in polymers. For 1 example, by casting around the canes or 
capillaries, it is possible to combine objects that do not stack neatly, which is impossible 
for glass. Finally the composition of polymer s can be varied in many mor e ways than 
glass, and by tailoring properties such as molecular weight and additives, it is possible to 
adjust the rheology of different polymers so that they maintain compatibility during 
drawing.. Doping, grafting and inclusions can all be used to modify the optical and other 
properties of the canes and capillaries,, Examples of modifications that maybe 
considered are inclusions so as to modify the refractive index, non- linear' optical 
polymers, conducting polymer systems, polymers with gain properties (suitable for use 
in lasers), and polymer systems with enhanced electro and magneto - optic per formance. 

Novel aspects of the capillary and cane designs of the present invention are as 
follows: 

Stackable external cross- sections 

Whilst attempts have been made to use glass canes and capillaries of hexagonal 
cross -section with multiple holes, difficulties have been encountered. For example, the 
many holed glass capillaiy suffers from shrinking with respect to the hexagonal canes, 
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leading to pool fusing of the canes arid capillaries,. Furthermore, the outer hexagonal 
surfaces become distorted, thereby adversely affecting the packing of the canes and 
capillaries , As a consequence, the resulting fibre is of poor quality* 

Advantageously however, the pr esent invention enables the use of stackable 
capillaries with a pattern of holes that have the appropriate symm etry it is possible to 
make the stack relatively insensitive to rotational orientation. For example by using a 
hexagonal external cr oss-section the hexagons will tend to align themselves and pack 
neatly, without spaces between adjacent capillaries, Similarly, canes that have anon- 
circular cross-section can be made stackable by using suitable shapes (eg square, 
triangular or hexagonal, with modifications to produce the desired hole structure)'. 

By using other stackable capillary designs, such as a squar e or triangular cr oss- 
section, it is also possible to vary the symmetry of the lattice structure, 

A variety of photonic crystal components can also be envisaged, for which 
control of possible twisting and bending in the fibre would be essential , For these 
applications it would be advantageous draw the components from a preform with a 
suitable cross-section (for example, rectangular) so that they could be easily packaged, 
Slotted capillaries and canes 

The shape of the capillaries and canes maybe designed so that they either slot 
together like a jigsaw or into another 1 structur e. For example hexagonal capillaries may 
be slotted into a cast honey-comb structure, and then be fused together .. This allows both 
their position in the whole structure and rotational orientation to be tightly controlled;. 

It should be noted that the slotted structure does not need to be located in the 
section of the pr eform which is dr awn. 
Multiple holed capillaries and related canes 

Once the problem of positional and rotational orientation is addressed, it 
immediately becomes feasible to have many-holed capillaries,, These ar e desirable 
because they offer a way of rapidly assembling the large number of holes and 
complexity of structur es needed for many photonic crystal fibr e applications A small 
number of many-holed capillaries can be arranged and fused mor e readily and accur ately 
than a lar ge number of single holed capillaries , Multiple holed capillaries should have a 
cr oss-section which is inher ently stackable, or which is held in place by a suitable 
structure such as tongue and groove mechanism or external jig., Stackable cross-sections 
include hexagonal, triangular, rectangular, ribbon structures etc. Similarly, canes 
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designed to give interstitial holes can be designed to define multiple holes in 
combination, for example by using a ribbon structure in which a large number of half- 
holes,. Similarly, "ribbon" capillaries, similar- to ribbon wire, could also be easily 
stacked. 

5 In terms of chemical fusing for example, the issue of wetting the capillaries is an 

issue when tr ying to cast around the structur e. The lar ger the capillary, the simpler it is 
to cast around it 

Size and shape variations in the hole structures 

An additional level of complexity can be intr oduced to the structure once the 
10 positional and rotational orientation is fixed, by allowing size and shape variations in the 
hole structur e . By r estricting the position locking to aregion of the preform to the part 
that is not drawn, it is possible for capillaries and canes of any cross-section to be 
combined in the drawing region. In other words the canes or capillaries can have any 
external shape and any pattern of holes, provided that their position is adequately locked 
15 in some r egion of the preform. 

Examples of some of the types of holes which can be included in capillaries 
include off centre holes, non circular holes, different sized holes etc. Examples of 
different types of hole structur es ar e illustrated in Figs. 2a to 2d. 

Such structur es have many possible uses in photonic crystal fibres. Elongated 
20 holes for- example could be used to build up approximations to ring structures or' reduce 
bending losses, Different sized holes could be used to establish multiply periodic 
structur es, which have for 1 example, mor e an extended band gap, or sever al band gaps . 
Changes in the cross-section can also be used to design cr oss-sections for particular 
applications such as polarisation and dispersion control, couplers etc, 

25 Concentric cylindrical capillaries 

Concentric capillaries with or' without protrusions on their outer surface can be 
arranged to form structures that are, or closely approximate, Bragg structures This 
allows for the fabrication of Bragg fibr es in which the guiding is achieved by Br agg 
reflection off the multi-layered concentric cladding of the fibre. Fusing could occur 1 

30 where adjacent cylinders touch each other , By varying the composition of the cylinders, 
or treating their surfaces, it is possible to change their optical properties,, Protrusions 
extending fr om the capillaries can be used to allow nearly complete air rings to be 
formed., Fig. 3 illustr ates the way that nearly complete air lings could be formed by this 
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process., 

in a further development, capillaiies which include hole structures are 
concentrically stacked. 
Twisted s tructures 

The large refi active index contrast found in holey fibres makes them particularly 
suitable for controlling the polarisation properties of the resulting structures,. Spinning 
or twisting the fibre as is it is being drawn means that circularly birefiingent or low 
birefiingence fibres can be produced. 
Combinations of materials 

Capillaries and canes of different composition may also be combined in the stack 
that forms the preform. In particular the use of doped materials, nano-composite 
materials for- example using rare-earth or metallic inclusions, bir efiingent and por ous 
materials may be used. 

Polymers allow a huge variety of compositions to be used Polymers of different 
refi active indices may be combined, or' polymer s that ar e gr afted or doped with new 
functionalities, such as dyes, photochromic materials, bir efiingent materials etc, Most of 
these materials decompose at the processing temperatures used for glasses., Using liquid 
crystalline polymers it is possible to produced molecular or dering of the material, which 
would be useful for example for polarisation control . Polymers for 1 example can be 
made chiral, a possibility that does not exist for glass. Nano -composite materials may 
also be used in which inclusions such as metals, rate earths, high r efractive index 
materials etc are used to modify properties such as optical non-linearity, magneto -optic 
effect, the electro-optic effect, the gain of the material, the electrical conductivity, etc. 
By modifying polymer properties such as molecular weight etc. it is possible to ensure 
the drawing compatibility of different polymeric materials - a feature that is not 
available in glass . In other' materials, such as glasses, a more limited range of chemical 
modifications are possible However, the use of doped material, for example by way of 
modified chemical vapour deposition or chelation, is possible .. 

Additionally, techniques such as sleeving and coating are applicable so as to 
produce capillaries and canes formed from combinations of materials, 

Combination of structures and composition 

All of the canes and capillaries described her e can be combined to form complex 
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structures.. For example, capillaries and canes of standard external cross-section but 
differing internal cross-section and composition could be combined like "Lego™ pieces" 
to r apidly construct complex structures,. This offers the possibility to completely control 
the cross-sectional of a preform, including control of the material properties., An 
5 attr active featur e of this appr oach is that it lends itself to automation,. Using a set of 
standard compatible canes and capillaries it is possible to build up structures "to order". 

Additionally, it is possible to form capillaries and canes from combinations of 
different materials. For example, it is possible to produce capillaries or canes with 
multiple layer s of different materials by techniques such as sleeving or coating or' other 

10 techniques, ( 
It is also to be noted that capillaries and rods and preforms of complex structures 
and composition may be constructed by successive drawing and sleeving as well as by 
stacking, a pr ocess which allows the size of the final structur e to be easily contr olled., 
Capillaries and rods formed by this technique can subsequently be included in a stacked 

15 structure, 

There ar e a lar ge number of applications in which the composition and structur e 
can both be varied to obtain particular optical outputs. These applications define a series 
of hybrid fibr es, which combine photonic crystal fibre structures with variations in 
composition that may be pr oduced by conventional processing techniques, or by simply 
20 including capillaries or canes of different composition Some fibres of interest that 
could be produced by this appr oach include: 

single or multiple cor e photonic fibres in which with doping in the inner' 
regions to generate particular' transverse modes for laser, amplifier and possibly 
disper sion control applications. 
25 - Bragg hole fibres that have chirality added (for' example by twisting) and 

dopants to pr oduce a circularly bhefiingent laser output when feedback is added, 

use of Bragg structures with appropriate spacings in photonic fibres to 
obtain Fresnel waveguides. 

Variations along the length of the preform 
30 The same fusing and assembly techniques can be applied to produce variations 

along the length as well as across die cross -section of the preform. This may be used to 
produce variations in structure, such as chir ality, material, or simply to extend the length 
of the preform, 
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Theprefoimmay comprise a plurality of interconnected capillaries and canes. 
When connected together, these capillaries and canes combine to foim a prefoim 
suitable for the production of holey fibres It is to be noted that the capillaries and canes 
maybe predrawn. 

The designs described here address the problems of maintaining positional and 
rotational orientation of the capillaries and canes, which in turn allows multiple hole 
structures, non-circular holes and canes or capillaries of different composition to be 
combined, In addition, the present invention provides a way of simply producing or 
approximating ring structures used for Bragg fibres. The combination of these 
techniques allows unprecedented contr ol of the cr oss - sectional arrangement and 
composition of the fibre, The designs described also allow a methodology that can be 
easily automated, and can produce easily customisable structur es 

Some of the many applications that would use the sorts of structures possible 
with the novel capillary and cane design of the present invention at e: 

low bending loss fibr es. It is known that incr easing the hole size as a 
function of distance from the core will reduce bending losses 

extended bandgap or multiple band gap fibr es 

fibres for' dispersion control 

fibres for polarization control 

fibres with Br agg structures 

multi-core fibres and multi- structur e fibres, in which more than one light 
guiding ar ea is created within the fibre 

fibres for high optical non- linearity, electro- and magneto optic effect, 
fibres with electrically conducting elements, gain etc. 
fibre sensors. 

Although the invention has been described with reference to specific examples it 
will be appr eciated by those skilled in the art that the invention may be embodied in 
many other 1 forms . 
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CLAIMS: 

1 . A method of producing a preform for a holey optical fibre comprising providing 
a series of "preform elements to be connected together to construct said preform with a 
series of holes ther ein, each hole being formed in an element or foxmed by combining 

5 two or more elements. 

2 . A method of producing a preform for a holey optical fibre comprising providing 
a series of preform elements adapted to be connected together to construct said preform 
with a series of holes therein* each hole being formed in an element or formed by 
combining two or' more elements, 

10 3. A method of producing a preform for a polymer holey optical fibre comprising 

providing a series of preform elements adapted to be connected together to construct 
said prefoim with a series of holes therein, each hole being formed in an element or 
formed by combining two or mor e elements, 

4 . A method of producing a preform for a polymer holey optical fibre comprising 
15 providing a series of preform elements to be connected together to construct said 

preform with a series of holes therein, each hole being formed in an element or formed 
by combining two or more elements. 

5., The method as claimed in any one of claims 1 to 4 wherein the holes ixmning 
through the pr efoim are formed in separate elements. 
20 6. The method as claimed in any one of claims 1 to 4 wherein the holes are formed 

by the combination of one or mor e adjacent elements . 

7, The method as claimed in any one of claims 1 to 6 wherein each element 
forming the preform is produced fiom an identical material. 

8, The method as claimed in any one of claims 1 to 6 wher ein said elements 
25 forming the prefoim are produced fiom different materials. 

9, The method as claimed in any one of the pr eceding claims wher ein the elements 
fit together either 1 concentrically, or within a stacked structure, or a combination of the 
two 

10.. The method as claimed in any one of the preceding claims wherein said 
30 elements are fused together prior to drawing the fibre „ 

1 1 , The method as claimed in claim 1 0 wherein s aid elements ar e thermally fused 
together' prior 1 to drawing the fibre., 
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12 The method as claimed in claim 10 wherein said elements are chemically fused 
together prior to dr awing the fibre. 

1 3 The method as claimed in any one of the preceding claims, wherein the 
rotational orientation of the capillaries and canes within the stack is contr olled by means 
of stackable cross -sections. 

14 . A preform for' a holey optical fibre, said pr eform comprising aplurality of 
preform elements connected together to construct said preform with a series of holes 
therein, each air hole being formed in an element or formed by combining two or mor e 
elements. 

15. A pr eform for a polymer holey optical fibre, said preform comprising a plur ality 
of preform elements connected together to construct said preform with a series of holes 
therein, each air" hole being formed in an element or 1 formed by combining two or mor e 
elements. 

16.. The preform as claimed in claim 14 or 15 wherein the holes running through the 
pr eform axe formed in separate elements. 

17. The pr eform as claimed in claim 14 or 15 wher ein the holes ar e formed by the 
combination of one or more adjacent elements. 

18.. The preform as claimed in claim 14 oi 15 wherein each element forming the 
preform is produced from an identical polymeric material. 

19. The pr eform as claimed in claim 14 or 15 wherein said elements forming the 
preform are produced from different materials. 

20.. The preform as claimed in claim 14 or' 15 wherein said elements forming the 
preform are pr oduced from different materials. 

21 Hie pr eform as claimed in claim 14 or 1 5 wherein the elements are fitted 
together with concentrically, or within a stacked structure, or a combination of the two. 
22. An optical fibr e formed from a pr eform as claimed in any one of claims 14 
to 21. 

23., A single cor e optical fibre formed from a preform as claimed in any one of 
claims 14 to 20 . 

24. A multiple core optical fibre formed from a pr eform as claimed in any one of 
claims 14 to 20.. 

25 . A Br agg fibr e formed fr om a preform as claimed in claim 14 or 1 5 .. 

26 . A Fresnel wave guide formed fr om a preform as claimed hi claim 14 or 1 5 
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27, A bhefingent optical fibre formed fttxm apreform as claimed in claim 14 or 15 
28.. A fibre coupler formed from a preform as claimed in claim 14 or 1 5 . 
29. Elements of a fibre sensor formed fiom apreform as claimed in claim 14 or 15, 
30 ,. An optical fibre formed from a preform as claimed in claim 14 or 15, and 
adapted to exhibit circular birefringence properties 

3 1 An optical fibr e formed fiom a preform as claimed in claim 14 or 1 5, wherein 
the preform is pr oduced fiom mater ial(s) selected for high optical non-linearity, electro- 
and magneto-optic effect; electrical conductivity and/or optical gain.. 
32.. A Bragg hole fibre formed fiom a preform as claimed in claims 14 or 15.. 
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